Electronic Properties of Monocapped Prismane and Basket Iron-Sulphur Clusters by Snyder, B. S. et al.
ELECTRONICI  PROPERTIESI  OF  MONOCAPPED PRISMANEI NENOCAP ED 
AND  BASKET  IRON-8ULPHUR CLUSTERSSI -SULPHUR 
B.. S.. SNYDER,ER, M.. S.. REYNOLDSNOLDS andand R.. H.. HOLM*M* 
Departmentepartment off Chemistry,he istry, Harvardar ar  University,niversity, Cambridge,a bridge, MA  02138,02138, U.S.A.. . . 
anda  
G.. C.. PAPAEFfHYMIOU anda  R.. B.. FRANKELtPAEFTHYMIOU NKELT 
Francisr cis Bitteritt r Nationalti l Magnett Laboratory,a r tory, Massachusettsachusetts InstituteI tit te of Technology,ology, 
Cambridge,bridge, MA  02139,139, U.S.A.. . . 
Abstract-The groundd statetate electronicl ctronic propertieserties of  thet  mixed-valencei d-valence clustersl ters Fe7S6S6 
(PEt&Cl? (l), Fe6S6(PEt,)4L2 [L[  =  Cl-l- (2). Br-r- (4) I-~ (5)( ) PhS Fe6Se6q4Cl, (1), ,&(PEt&L2 ( ), ( ), and - (6)],( )], &Se, 
(PEt3)&12 [Fe,S,(PEt),]‘-t3)4CI2 (3)) andd 6 6( 6] 1- (9),), haveve beenen investigatedstigated by magneticgnetic susceptibility,sceptibil ty, 
magnetizationagnetization andd Mossbauer spectroscopicectroscopic measurements.asurements. Clusterr 1 hass a (idealizedalized C3v)ii uer ,,) 
monocappednocap ed prismanei ane structuretructure and clustersters 2-6 and 9 adoptt the C2v "basket"ti “ t” 
configurationfi uration basedsed on the [Fe6(J.lrS)(j.trS) 4(j.t4-S)] 2+, 1+ core unit.it. Fromr  magneticgnetic prop-
erties,rties, thee groundr nd statestates S =  l/2 
(~2-S)@3-S) @4-S)]2+,1+ 
1/ (1,, 9)) and S =  1 (2-5)) werere established.tablished. Unlike the otherr 
clusters,l sters, 6 didi  nott showow a Curiei  regiongion of  susceptibility;sceptibil ty; its groundd statete wass not directlyctly 
determinedetermined butt is probablyably S = 1.. Mossbauer spectraectra werere successfullycces fully analysedalysed in termsr s ii uer 
of a 1: 1: 1 iron siteite population, Isomerer shiftsifts and quadrupoledrupole splittingslittings werere assignedsigned to 
eachach site.ite. Magneticallynetically perturbedrturbed spectraectra obtainedtained in appliedplied fieldsl s of  60-80- 0 kOe werere 
analysednalysed to givei e thee magneticagnetic hyperfineerfine parametersrameters and magneticgnetic hyperfineerfine fieldsl s in clustersters 
ulation. 
1-5- andd 9.. Themagneticagnetic spectraectra demonstrateonstrate antiferromagnetic spinin couplingpling whichi affordss 
thee indicatedi ated groundr und states.tates. 
tif romagnetic 
Nearlyarly alll  iron-sulphuri - l hur clustersl sters arere characterizedaracterized ments.ents. For  example,ample, the groundd spini  statestes and 
ver- associatedssociated matterst ers of  the electronicl ctronic structuresr ctures ofbyy corere structurestructures thatat arere builtilt up entirelyntirely by r-
I*2 [Fe4S4(SR)4P-,2-,I-S4(SR)4]3-.2 “-clustersters haveetex-sharingtex-sharing and/ornd/or edgedge fusionsion of Fe2S22S2 rhombs.bs. I,2 cubane-typeane-type 
The prototyper totype singleingle planarl ar rhombb is foundd in thee methods.6-8beenen eluciatedl ciated in somee detailtail by theseese thods. 6-8 
[Fe2S2L412-. All  of  theseese clusterssters haveve thee commonon propertyrty ofbinucleari uclear speciespecies e2S2L4]2-. Clustersters proceedr ceed in 
complexityplexity from thisis typee to thoseose withi  nuc1earities molecularlecular antiferromagnetism.tifer omagnetism. 
2*3 As partrt of  our work on higher-nuclearityer-nuclearity Fe-Se-S 
cl arities 
3,, 4,, 6,, 7,, 8 andnd 18.8.2,3 Excludingl ding organometallicsr anometallics 
of [Fe&(PEt,),]“~” 4V5andnd withith thet e exceptionxception O [ 6S8(PEt3)6F+,I+ ,5 in clusters,l sters, we haveve recentlycently preparedpared and describedscribed 
thethe precedingreceding set,et, theseese clustersl sters haveve ass terminalr inal thee structurestructures and certainrtain reactivityctivity aspectspects of  a 
ligands,l ands, halide,alide, RS- or RO-.-. The electronicl ctronic prop- neww seriesries of  hexa-xa- and heptanuclearptanuclear clusters.ters. 3,9-12,9-12 
ertiesrties of manyany of thesethese materialsaterials haveave beeneen probedr ed Thesese differif r from thee aboveove in havingving a mixedi d 
Miissbauer ligandnd setet thatt includesl des tertiaryrtiary phosphinessphines and core 
 -
byy applicationpplication of o auer spectroscopypectroscopy andd by 
magnetizationagnetization andnd magneticagnetic susceptibilityusceptib lity measure-easure- structurestructures nott yett foundd in thee absencesence of  
phosphine.osphine. With referenceference to Fig. 1,, thee core 
Fe7S6(PEt3)4C139geometryometry of S6(PEt3)4CI/ (1)) approachesproaches thatt 
Fe,
...*Authoror toto whomom correspondenceor espondence shouldhould bee addressed.ddressed. of amonocappedonocap ed hexagonalxagonal prism,i , whileile thatt of 6 
t address : S6(PR3)4L2, L =  halideli e I 0,1 1 (2-5,, 7)) and thiolate3i l te 3t Presentr sent ddres : Departmentartment of Physics,ysics, Californial i  b(PR& ‘O*” 
Polytechnicl technic Statetate University,i rsity, Sann Luis Obispo,i po, CA (6,, 8),), andd [Fe,S,(PEt1)h]‘+126 6 t3)6]1+ 12 (9)) resemblessembles a 
94307,4307, U.S.A..  basket,sket, with thee lowerr Fe-S-Fee-S-Fe fragment,ent, whichi h 
2-5,75,7 6,81 639 
1 09  
l-10Fig.. 1.. Schematichematic structurestructures of clustersl sters 1-10 illustratingting thee monocappedocap ed prismaneane (1) and basketket 
(2-10)-10) topologies.pologies. Iron atomsto s arere labelledel ed so ass to correspondr spond to thee sitee assignmentssignments in Table 2.. 
is nott partrt of thee aforementionedf rementioned rhomb,b, servingrving ass 
“basket”thee handle.andle. We designateesignate theseese ass " sket" clusters,l sters, 
[Fe&] top-ass a meanseans of distinguishingi tinguishing theireir e6S6] corer  -
ologyl gy from thee idealizedalized hexagonalxagonal prismsri s presentsent 
in thee "prismane" clusters,l sters, [Fe6S6L6F-,3-. 13-16 The“ ri ane” S6L6]2-~3 .‘3-‘6 
StlllCtUlW Of FC&j(Ph~)~C12,‘1 Fe6S6(PEt3)&Fs ructures o  e6S6(PBu3)4CI2, II 6S6(PEt3)4(S-P-
C6H 4Br)z3 andd [Fe6S6(PEt)6] 1+ 12 definefine the basketsket 
topology,pology, whichich is manifestedanifested in virtuallyal y isometricetric 
6 4Br)23 S6(PEt)6]‘+ l
[Fe(~2-S)(~3-S),(~~-S)]2+~‘+e(1l2-S)(llrS)4(1l4-SW+,I+ corere units.its. This uniquei ue 
coor-topologypology is supported,pported, in part,rt, by thee unusualusual r-
FeS,P FeS,Ldinationi ation att thee S3 sites.ites. Whereasreas 3  sitesites in 
theseese andnd numerouserous otherer clustersl sters haveve a distortedi torted 
tetrahedraltrahedral configuration,nfiguration, thee phosphine-ligatedosphine-ligated 
sitesites exhibitxhibit a roughlyghly trigonalri onal pyramidalramidal geometry,ometry, 
withith thee Fe atomto  closelyl sely approachingproaching thee S33 plane.l ne. 
Thesese speciespecies arere alsolso amongong thee mostst reduceduced 
Fe-S-S clusters,l sters, withi  Fe meanean oxidationi tion statestates of  
+2.14 Fe&(PEt3)&13, +2.17 [Fe&.14 ini  7S6(PEt3)4Cl , . 7 ini  6S6 
(PEt&]‘+ +2.33.33 in Fe6S6(PEt&L2. As a3) 6] I+ andd 6S6(PEt3)4L2. 
resultsult of theireir highi h nuclearities,clearit es, unusualusual igandnd setsts 
andnd previouslyreviously unencounteredencountered corere structures,tructures, theseese 
moleculesolecules arere of currentrrent interestterest ass thee newestwest 
additionsdditions tot  thet e extensivextensive familyily of  Fe-Se-S clusters,l sters, 
whichich now encompassesncompasse  seveneven nuclearitiesclearities andd 100 
I-3corere structuraltructural types.t pes. 1  Most of theseese clustersl sters existist 
ini  twot o ormoreore oxidationi ation levels,l vels, somee of whichi h haveve 
beeneen isolated.i lated. 
Theiri  uniquei ue core structurer cture suggestsggests thatt the 
basketsket clusterssters mayy haveve unusualsual electronicl ctronic features.tures. 
Ground statetate properties,perties, previouslyviously uninvestigated,i vestigated, 
Miissbauerhaveve beenen examinedamined by magneticgnetic and o auer 
techniques,chniques, andd thee leadingding resultssults are reportedorted here.re. 
EXPERIMENTALIMENTAL 
compound9Preparationt  of s 
The  compoundspounds Fe7S6(PEt3)4C13 (1),9 Fe6S6 
(pEt3)4Cl2 (2), II Fe6Se6(PEt3)4CI2 (3), II Fe6S6 
(PEt3)4Br2 (4), II Fe6S6(pEt3)412 (5),11 Fe6S6 
(PEt3MSPh)2 (6),3 Fe6S6(PEt3MS-p-C6H4Br)z 
(8)3 and [Fe6S6(PEt3)6](BF4) (9)12 were prepared as 
previously described. 
Physical measurements 
All measurements were performed under strict 
anaerobic conditions. Magnetic susceptibility and 
magnetization measurements at applied fields of 10 
kOe and up to 50 kOe, respectively, were carried 
out on a SHE 905 SQUID magnetometer operating 
between 1.8 and 300 K. Solid state measurements 
were madede on finelyly groundnd polycrystallinel crystalline samplesples 
(15355-  mg)g) loadedl ded intoi t  precalibratedcalibrated containerstainers and 
- - - - 
- - - - 
- - - - 
sealedsealed withith epoxyepoxy resinresin underunder aa dinitrogen-heliumi~~og~- e~~ 
atmosphere.at osphere. Diamagneticia agnetic susceptibilitysusceptibility corrections17c rr ctionsi 
werere applied.plied. Mossbauer spectras ectra werere determinedterminedli uer 
withit  aa constant-acceleration spectrometers ectrometer equippede uippedse t-~l mtion 
withit  aa 57CO sources urce ini  aa Rhmatrix.atrix. Zero-fieldero-field measure-
mentsents wereere madeade betweenetween 4.2.  anda  3000 K,, withit  thet e 
spectrometers ectromet r operatingerating ini  thet e timeti e modee and thet e 
sources urce maintainedaintained att roomr  temperature.t perature. Magneticallyetically 
perturbedrturbed spectras ectra werere lon~tudinally 
s Co 	 asure-
obtainedtained ini  l gitudinally 
appliedpplied fieldsfi lds up tot  80 kOe,, withit  thet e sources rce and 
absorbersorber att 4.2.2 K.. Polycrystalline sampless ples werere dis-
persedrsed ini  boronr n nitrideitride powderer andd sealedaled withit  epoxyoxy 
l rystaIline i -
resinr sin ini  plasticl stic sampleple holders.l ers. Isomer shiftsifts arer  
reportedorted relativelative tot  Fe metaltal att 4.2.  K.. EPR  
spectraectra werere recordedr orded att X-band-  frequenciesfr uencies att ca 
199 K  on a Varianri  E-I09 spectrometer.ectrometer. Solutionl ti-1 9 
susceptibilitiessceptibilities werere determinedtermined by a NMRR 
‘isomer 
method.ethod. 18 Solventl t susceptibilitiessceptibilities werere takent en’ * 
from thet e literature 19 andd correctionsrrections forf r solutionl tion 
densitynsity changesanges withit  temperaturet perature werere applied.plied. 
li r ture” 
RESULTS  AND  DISCUSSIONSI N 
The followingl i g clusters,l sters, 1-9, arer  of  primaryry inter-
estst in thisis investigation.stigation. The monocappedocap ed prismanei ane 
l-9, r-
structuretructure of 1 hass beenen crystallographicallystallographically estab-tab-
lished. 9 The basketsket configurationsfigurations arer  assignedssigned toed.’ 
2--6 on thee basisasis of thee crystalstal structurestructures of  7 and 
8,, andd thee correspondencerrespondence of  spectroscopicectroscopic prop-
ertiesrties to thoseose of thee structurallytructurally definedfined clusters.sters. 
-
All clustersl sters arere mixed-valencei ed-valence butt individuali i ual Fell or” 
Felli sites,sites, if present,present, cannotcannot bebe recognizedrecognized unam-
biguouslybiguously fromfro  crystallographiccrystallographic data.data. Ass willill bebe 
F ”’ if 	 -
seen,seen, IH NMRR spectraspectra areconsistentconsistentwithithretentionretention 
offthet e basketasket structurestr cture offhalideali eclusterscl stersininsolution.s l ti . 
Fe&(PEt&Cl, Fe6S6(PEt3).&12 
*  r  
e7S6(PEt3)4Ch (1);( ); e 6(PEt3)4Clz ( );(2); Fe6Se6e Se6 
(PEt3)40Z (3); Fe6S6(PEt3)J)rZ (4); Fe6S6(PEh)4I2fPEt&& (3) ; Fe~S~~Et~~~r~ (4) ; Fe~S~~Et~~~I~ 
(5);(5); Fe6S6(pEt3MSPhh (6);(6); Fe6S6(PBu3)4CIz (7);Fe~S~(PEt~)~(SPh ~ k&(PBu~MA (7) ; 
Fe6S6(PEt3)4(S-p-C6H4Br)2 (8); [Fe6S6(PEt3)6] 1+Fe6S6(PEt3)XS-p-CgH4Br)2tS>; V%S6(PEt3)611+ 
(9).(9. 
Electronicl tronicpropertiesr erties 
Groundr  spini  states,t tes, othert r magneticnetic aspectsects and 
electronicl ctronic distributionsi tri utions ini  clustersl ters 1-7 have beennl-7 
examinedined usingi g thet  methodsthods off magneticnetic sus--
ceptibility,tibility, magnetization and 57FeFe Mossbauer 
spectroscopy.ectroscopy. Relatedl ted resultsults for clusterl ter9have beenn 
neti~tion ijs er 
reported 12 and certainrtain datat  arer  includedi l ed herer  forf r 
comparisonparison purposes.r oses. Before eachch measurement,asurement, 
thet  purityit  of  a giveni n compoundund was establishedtablished 
rted” 
fromfr  itsit  distinctive,i tinctive, isotropically shiftedift d IH NMRRi r pi~ll  ‘  
spectrumctrum (vide infra) previouslyviously recordedrded on ani& 	i i  
analyticala alytical sample.sa ple. 3.11.12 Magnetica etic anda  Mossbauer 
resultssults are containedtained in Tabless 1and 2 respectively,pectively, 
and selectedlected data are displayedl yed in Figs 2-7. Theh  
numericalerical designationsignation of  Fe sitess in Table 2 and 
* 1,12 iis r 
Fig. 1correspond.r spond. The Curie constanttant in the Curie-
law,, XM Cf(T- @), 
i
Weississ xM = /( - 8), hass the valuesl es 
= 1.OOO ’C  0.375,. 75, .000 and 1.875.875 emuu K  mol- I for pure 
S = 1/2, S 1 and S = 3/2 states,tes, respectively,pectively, 
when ge = 2.. 
l/ = = 12 
e 
Table 1.. Magnetic propertiesroperties of clustersl sters 1-70Ie paretic 	 X- ” 
Clusterter 
FGWEt3Mhe,S6(PEt3)4Cl3 
CDCI 31 3 solnsoln 
Fe&(PW&%6S6(PEt3)4CI2 
CD&& soln2Cl2 i  
Fe~~~~Et~)~~l~6Se6(PEt3)4Cl2 




[FeG%(PW61’+h[ 6S6(PEt3) 6] 1  h 
Cc lIefT 
T(K)" ‘) (PB) ( b (emuu K mol-l I) S 
6-45 0.581.581&  
298298 -
6-150- 50 0.993.993 
190-30290-302 -
6-75-  1.211.21  
190-30290-302 -
6-100- 00 0.962.962 
6-75- 5 1.174.174 
29696 -
















-1.88.  - - -

- - - I 

1.89.89 - 17.3 0.188-4.49.  17.3 
-1.28.  2.06. 6 -2.272.27 0.233 
-8.80. 0 -40.5.5 0.111.80.80 OJ I 
-24.224.2 1.79.79 - -
-0.85  - - -
“Alla  dataata referrefer tot  thethe solidolid statetate unlessles  otherwisetherwise indicated.i ated. 
h Curie region.region.‘
‘Calculated 	 g& = 2.83(~~7’) ‘l’;c l ted fromf  thethe Curiei  law,l , Jleff  tem~ratur~..83(xMT) 112; momentsents increaserease monotonicallyotonically with increasingasing pe ture. 
d’“Comparisond.e Comparison solution/solidolution/solid statetate momentso ents att 300-3020-302 K:: d3.95/4.09;.95/4.09; e2.81/3.04.2.81/3.04. 
fpcg = 3.40~~
f lIefT .40118 ini  solidoli  state,tate, 20000 K.   
9Tolueneg ne solution.solution. 
h*Referenceference 12.2. 
- 





Tableable 2.2. Mossbauerossbauer spectroscopicspectroscopic resultsresults atat 4.24.2 K  
AC 
x Ay AzAX’ (jo,b bClusterluster #0 AEpb (Hx)d (Hy) (Hz) 1'1'Siteite !1EQ Wd (mms- I ) (mm S-I)(  s- ‘) 
Fe,S6(PEt3)4CI 3 1 0.670.67 0.0050.51.51 . 05 0.6490.748. 48 . 49 0.790.79 
(-0.37) (-55.0)( -0.37) ( -5 .0) (-47.7)(-47.7) 
2 0.36. 6 -0.0080.87. 7 - .  -0.231-0.161- .  - .  1.00. 0 
(0.59)(0.59) (17.0)(11.8)(11.8) (17.0) 
3 0.36. 6 -0.0070.28. 8 - .  -0.966-0.001- .  - .966 0.24.  
(0.52)(0.52) (73.2)(0.07)( .07) ( .2) 
Fe6S6(PEt3)4CI2 1 0.63.63 --U201.120 -0.058-0.397- .  - .  1.oo0.60. 0 .00 
(88.7)( .7) (7.7)(10.0)( .0) (7.7) 
2 0.34. 4 0.4400.87. 7 . 40 0.9390.694. 94 . 39 0.22. 2 
( -34.9) ( -17.4) ( -125)(- . ) (-17.4) 	 (-125) 
3 0.32.32 UO 0.448.448 0.0230.090. 90 . 23 0.81. 11.10 
( -35.5) (-2.3)(-2.3) ( -3.1) 
Fe6SeiPEt3)4CI2 1 0.64.64 -1.0130.65.65 .  -0.318-0.614- .  - .  0.00. 0 
(- . ) 	 (-3.1) 
(135)(135) (44.7)(78.3)( .3) (44.7) 
2 0.35.35 0.8821.08.08 . 82 0.6160.567. 67 . 16 0.40. 0 
(-1l7) (-72.3)(- .3) ( -86.7)-11 ) 	 -86.7) 
3 0.40.40 1.2931.29.29 .293 0.5780.843. 43 . 78 1.00oo 
( -172) (-107) ( -81.3) 
Fe6S6(PEt3)4Br2 1 0.61.61 -0.0190.56. 6 .  -0.364-0.017.  .  0.00. 0 
-172) - 107) 	 -81.3) 
(0.77).77) (44.3)(0.06).06) (44.3) 
2 0.33.33 0.4260.79.79 .426 0.1210.269. 69 .121 1.00.00 
(-17.4). ) (-0.91) (- 14.7).9 ) ( -14.7) 
3 0.29.29 0.4501.04.04 .450 0.0960.013.013 . 96 0.00. 0 
(- 18.3)18.3) ( -0.04) (-11.7).7). ) 
Fe6S6(PEt3)412 1 0.60.60 0.53.53 -0.0090. 09 - 0.007 -0.0370.037 0.0330.007 
(0.21).21) (3.05)(0.00).00) .05) 
2 0.38.38 0.6650.84.84 .665 0.2580.015.015 58 0.477 
(- 15.4)15.4) ( -21.3)(0.00).00) .3) 
3 0.23.23 0.1750.95.95 .175 0.1200.008.008 20 0.477 
(-4.06) (-9.90)9.90).06) (0.00).00) 
-Fe6S6(PEt3MSPhh 1 0.43.43 0.61.61 
2 0.39.39 0.86.86 
3 0.37.37 U51.15 
[Fe6S6(PEt3)6](BF 4) 1 0.41.41 0.53.53 0.564.564 0.588.58  0.459. 59 0.00. 0 
(-41.5). ) (-43.2). ) (-33.7).7) 
2 0.41.41 0.88.88 0.440.440 0.359.359 0.418.418 0.00. 0 
( -32.3) (-26.4). )  (-30.7).7). ) 
1.00 
(-1.98). ) (- 1.69) (- 1.32) 
3 0.38.38 1.25.25 0.027.027 0.023.023 0.018.018 .oo 
1.69) 1.32) 
FeCIl,(PEt,)/lP 3){ 0.65.65 2.90.90 
oaRelativelative to Fe metaletal att 4.2.2 K.  
‘Spectral 0.25-0.34 s- ’ q 0.
b tral fitsfits madeade withi  linel  widthsi ths in thee rangenge 2~.34 mm S I and fJ = O. 
‘Magnetic 	 keV 5’Fe.C a tic hyperfineyperfine parametersarameters for thee 14.44.4 Y excitedxcited statetate of 'Fe. 
dMagnetic hypertine kOe ;netic yperfine field,i ld, ; negativeegative hyperfineperfine fieldslds opposepose appliedplied field.ld. 
‘Asymmetry (V,,-V,,)/ V,.C etry parameters,arameters, .. yy)/ zz. 
1200 K.f  
-150 
. . . 











tem-Fig.. 2.. Magneticetic propertiesr perties of clusterl ster 1.. Upper:: -
peraturerature dependenceependence of thee reciprocalciprocal molarl r magneticgnetic 
Lower :susceptibility.usceptibility. r: magnetizationgnetization att appliedplied fieldslds of 
12.5,2.5, 255 andd 500 kOe att T = 1.8-25.8-25 K. Solidli  liness arere 
= l/2calculatedlculated Curiei  behaviourhaviour for S  1/  and theoreticaleoretical 
fitsits too thehe magnetizationgnetization datata usingi g thee parametersrameters in 
Tablel  1.. 
(1) Fe7S6(PEt3)4CI3 
(a)) Magnetism.etis . for-This odd-electron-electron clusterter 
6Fe”+ Fe”‘.mallyally containstains ll III • As showno n ini  Fig.i . 2,, 
clusterl ster 1 obeyseys thee Curie-Weissi - iss law at 6-45 K,, with 
C =  0.581.581 emuu K mol-I.l ‘. The magnetizationgnetization wass 
foundd to be field-independentl -i dependent and to follow a 
l/2 asymp-S = 1/  Brillouinill i  functionction withit  saturationturation symp-
g&s = IJ1-e. The EPR  spec-ec-toticallyt tically approachingproaching eSJ1-e  1~s. 
trumtr  ini  frozenfr n THFF solutionl ti n att 20 K  (not( t 
atg, = 2.02,. 2,shown)own) revealsveals a nearlyarly isotropici tr pic signali al e  
consistentsistent withit  a doubletblet state.tate. Alsols  presentr sent arer  
weakeraker resonancesr sonances att gee =  5.2.2 and 5.5,.5, whichi  may 
be indicativei i ative off a smalls all amountount off thet  S = 3/2/  
state.*state. 8 Physicalsical mixturesi tures off theset ese spins i  statesst tes havee 
Fe& clusters.*beenen observedserved withit  4S4 cubane-typeane-type l sters. 8 
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Fig. 3.. Mossbauer spectractra in zeroro appliedlied magneticnetic fieldl  
of clustersters 1,, 2,, 6 and 9 (top to bottom).to ). Solid lines are 
fitss to thee datata usingi g the parametersrameters in Table 2. 
ij er 
tive deviationviation of  the Curie constanttant fromr  the 
S = l/21/2 valuel e and the smallal  shifti  of magnetizationgnetization 
datata in the lowerr H/T/  regioni n from the bestt fit for  
thatt state.te. The collectivel ctive resultsults supportort an S = l/21/2 
groundd state.te. The negativeative deviationi tion of  the sus-s-
ceptibilityptibility from the Curie-Weissi s law abovee 45 K  
indicatesi ates the populationl tion of  excitedited levelsels with 
S > l/2.1/  Att 2988 K,, the essentiallysentially equalal solutioni  
4~sand solidli  statete magneticgnetic momentsents of  ca J1-B show 
(vi& injkz)thatt the antiferromagnetictif rromagnetic couplingli g de fra  is a 
molecularl cular property.rty. 
Miissbauer pris-(b) o r spectra.ctra. The monocappedcapped -
Csvmanene structuret cture of  1 underr idealizedi lized 3v symmetryetry 
sites : Fe( l)&-S)&&)$l,containstains threet e Fe it s: (1 (J1-rS)(J1-4-S2hCl, 
Fe(2)&-S),(p,-S)P Fe(3)(p.,-S)3P.(2)(J1 rSh(J1-4-S)P and (3)(J1-4 hP. Theh  Fe(2,3),3) 
siteses havee approximateroxi ate trigonalal pyramidalidal geo--
Fe(l) nearlyrly tetra--metrytry whilei  the 1) site is more 
hedral.dral. The Mossbaueruer spectrumctrum ini  zeror  field,fi l , 
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MiissbauerFig.i . 4.. o auer spectrumpectrum of clusterl ster 1 in an appliedpplied 
fieldfield off 600 kOe.e. The solidolid linel  is a theoreticaleoretical fitit to thee 
dataata usingsing thethe parametersarameters in Tablel  2 withi  S = l/2.1/  
population  of  3: : 3 : 1.. This  allowedl  immediate 
identificationi ti  of thee Fe(3)(3) siteite as that with isomer 
shifti  6 =  0.36. 6 mm S-I andd thee (unusually)usually) smallall~ s ’ 
AE, = 0.28. 8 mm s- 1.‘  The Fe(2)quadrupoleadrupole splittinglitting Q  
siteite is common to 1 andd to basketsket clusterssters 2-8,, 
stereo-whereere it alsolso approachesproaches trigonali onal pyramidalramidal tereo-
chemistry.emistry. On thee basissis of thisis commonality,onality, the 
Fe(2)(2) siteite is assignedssigned thee doubletblet with the samee 
split-isomerer shiftift ass Fe(3),( ), butt a largerer quadrupoledrupole lit-
Fe( 1)ting.i g. This leavesaves thee ( ) site,ite, at whichi h chloridel ri e is 
bound,nd, ass thatt with the largestest isomerer shiftift (0.67.67 
‘).mm s- I . This assignmentssignment is consistentsistent with datata 
(Me4N),[FeC14]20/Fe(PEt3)2C12 ( z 0.1for thee pairsirs Nh[FeCI4]20/Fe(PEt 3hCI2(:::::: O. I 
S-I)s ‘  and (Me4N)[FeC14]20/Fe(PPh,)Cl~2’mm )[ eCI4]2°/Fe(PPh3)CI/I 
(Z s- I),(:::::: 0.05.05 mm S I , for whichi h the indicatedi ted isomerer 
shiftift differencesiff rences correspondrr spond tot  a decreasecrease ini  6~ 
phosphine.*uponn replacingr placing chloridel ri e withit  sphine.* 
Mijssbauer exhi-Magneticetic 6 uer spectraectra (nott shown)n) i-
bitedit d movementement off inneri r and outert r featuresf tures ini  
oppositeosite directionsir ctions ass thet  appliedlied fieldfi l  wass 
anti-increasedi r ased fromfr  60 tot  80 kOe,, consistentsistent withit  ti-
parallelrallel spins i  coupling.pling. The spectrums ctrum att 60 kOe isis 
showns n ini  Fig.i . 4,, togethert ether withit  aa theoreticalt eoretical fitfit 
obtainedtained usingsi g thet e methodethod describedescribed belowel  forf r thet e 
basketasket clusterscl sters anda  thet e parametersara eters ini  Tablea le 2.. InIn 
= l/2thist is way,a , thet e S  1/2 groundr  statestate assignmentassignment wasas 
corroborated.c rr orated. 
Fe(PPhS)Cl,**Note,ote, however,ho ever, thatthat thethe structurestructure ofof Fe(pPh 3)CI 3 hashas 







Fig.i . 5.. Temperatureperature dependencependence off thet e reciprocalr ciprocal molarl r 
susceptibilitysceptibility of clusterter 2.. The solidli  line isi  a Curie-Weissi s 
fitfit tot  thet e datata usingi g thet e parametersrameters ini  Tablel  I.1. 
(2)) Fe6S6(PEt3)4X2SS(PEt&X2 (X  = Br-, I-,Cl-,l-, e, 1-, PhS-)) and 
Fe6Se6(PEt3)4Cl2, (PEt3),C12 
(a)) Magnetism. This sett consistssists of the even-elec-
tron basketsket clustersters 2-6 which formallyl  containin 
4Fe” + 2Fe”‘.• As will be evident,i ent, certainrtain electronictronic 
u tis . n-elec-
II III
aspectspects of  theseese clustersters are unusualsual and cannott be 
satisfactorilytisfactorily interpreted.rpreted. Clustersers 2-5displaylay Curie 
behaviouraviour of magneticgnetic susceptibilitiessceptibilit es over appreci-
ablel  temperatureperature intervalsrvals but in severaleral casesses witht  
largee Weissi s constantsstants (Table 1).). Curieconstantstantsare 
fairly closee to the valuel  for a S = 1 state.te. Theh  
resultssults for clusterter 2,, which are fairly typical for 
compounds in this set, are shown in Fig. 5. Devi-
ations from Curie behaviour are such as to indicate 
the population of higher spin states or a small TIP 
contribution. 
Magnetization data for clusters 2-5 obtained at 
1.8-100 K and at three applied fields are presented 
in Fig. 6. All show nested curves corresponding to 
different values of the applied field and indicating 
that the zero-field splitting parameter D # O. The 
data were analysed under the simple spin Hamil-
tonian (1) 
reci-
H = D[S/-S(S+ 1)/3] +E(S/-Sy 2) +gellBH ° S, 
(1) 
with S = 1 by calculating the spin projection along 
the magnetic field direction; E is the rhombic split-
ting parameter and the other symbols have their 
usual meanings. The experimental data were simu-
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3,2,4Fig. 6.. Magnetization behaviourvi  of  clustersrs ,  4 and 5 
(top to bottom).t ). Forr eachch cluster,r, curvesrves in ascendingscending 
orderr er referfer to appliedplied fieldslds of 12.5,2.5, 25 and 50 kOe.. 
The solidli  liness arere theoreticaleoretical fitss to thee datata usingi g the 
parametersrameters in Tablel  1.. 
least-squaresl t- uares fits,it , usingi  a simplexi l  algorithml it  and thet  
satis-parameterseters in  Tablee 1.. In  order to obtain  i
factoryt  fits,it , itit was necessaryssary tot  use D < 0 and 
E/D/  > 0 withit  inclusioni l sion of  gee #- 2.. Thee algorithml rit  
allowedll  forf r simultaneousi lt  fitsfit  of thet  datat  att thet  threet r  
appliedli  fields.i l . 
The  behaviouri r off clusterl t r 3 isi  thet  simplest,i l t, inin 
2,~~thatt t thet  saturationt ti  magnetizationti ti  of  PB isi  nearlyl  
reacheded and thet  datat  are wellll fitit withit  unexceptionalti l 
parametersr ters forf r a spin-triplet,s i -tri let, includingi luding a zero-fieldr -fi l  
splittinglitti  (ZFS)( S) of  -- 2.27.  cm-- I.I. However,e r, thet  satu-t -
rationr ti  magnetizationti ti  of  thet  remainingr i i  clustersl t r  (2,( , 
4,s), 5) becomesec es increasinglyi creasi l  and markedlyar e l  suppresseds ressed 
ini  thet  orderr r X  = II, mini-Cl-l- > Br-r- > 1-, reachingr i  a i i-
(0.29~~ atmum withit  clustercl ster 5 ( . PB t 50 kOe).e). Fitsits requiredre ire  
are con-increasingi creasi  largelar e negativee ati e D values,al es, whichic  are c -
sup-sistentsiste t withit  thet e respectiveres ective Weisseissconstants.c sta ts. Thehe s -
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Fig. 7.. Mossbaueross  spectratr  of  clustersrs 5, 4, 2 and 3 (topt  
to bottom) at 4.2 K  in an applied field of  80 kOe. Thehe 
solid lines are fits to the data using the parameterst rs in  
Table 2 witht  S = 1.. 
magnetizationi  measurementnt off a 41 mM  solutionution 
of 4 in  dichloromethaneloro et yielded essentiallyti ll thet  same 
result as the polycrystalliner st line sample.l . 
Whileile the foregoing treatment offmagnetization  
is obviouslysly phenomenological,l  itit isi  presented as a 
means offcomparing and contrastingt  thet  behaviours 
offclusters 2-5.. Thehe largea  ZFSFS are nott withoutithout pre-
cedent and  are seeminglyi l  withinithinphysical reasonre forfor 
2-4. Whilehile no  meaningfull comparisons n can bemade 
withith othert  systems,s, owinging tot  thet  uniquenessique  offthet  
basketclusterl st topology,t , we notetethatt tapparentZFSFS 
values offup  tot  ca 20 em-I’ have been observed forfor 
certain  S  = Fe”’ 
4. 
5/2 eIII porphyrins,22.23 and that for 
two S  = 1 planarlanar Fell complexes values near 70 
cn-em-I’ havebeen obtained.24,25 Allllof thesef area  obvi-t 24,25 i-
ously apparent values, dependentonn the theoreticalt  
formalism.or is . (For( or a discussionisc s  offthist is point, cf.c . ref.re  
22.) InTn the presentr  case,. we area  applyinga ying a spins in 
Hamiltoniana iltonian formalismfor alism toto a generalgeneral case wherehere itita case 
hashas notnot beenbeen otherwiseotherwise tested; viz.viz. toto polynuclearpolynuclear 
spin-coupledspin-coupled systemssystems withith incompletelyinco pletely quenchedquenched 
orbitalorbital angularangular momentumo entum andand probableprobable spin-orbitspin-orbit 
interactionsinteractions atat locallocal metaletal sites.sites. 
Thiolatehiolate clustercluster 66 isis thethe mostost anomalousano alous membere ber 
off thethe set.set. InIn thethe solidsolid statestate itit doesdoes notnot exhibitexhibit aa 
t sted ;
Curieurie regionregion (nor(nor anyany indicationindication off aa Curieurie para-
magneticagnetic impurity),i urity), isis veryery weaklyeakly paramagneticaramagnetic atat 
6 K  anda d showss ows nestingesting offmagnetizationagnetization curvesc rves withit  
r -
a nearlyarly zeroro saturations turation magnetizationgnetization (O.I,uB att 50 
kOe;e; dataata nott shown).s own). ItIt isis conceivablec ceivable thatt at thist is 
speciess ecies representsrepresents ana  extensione tension off thet e behavioure aviour 
off 2-5,- , butt fromfr  thet  informationi f r ation availableailable wee arer  
(0.1~~ 
unableable tot  demonstrateonstrate thet  groundr nd statet te spin.in. More--
over,r, ini  toluenet l ene solution,l tion, ,ueff 2.72,uB' essentiallysentially 
thet e sameame ass thet e solutionl tion momentent for 2,, for whichi h a 
triplettri let groundr nd statetate hass beenen established.stablished. On thist is 
limitedli ited evidence,vidence, thet e S =  1 groundr und statetate designationsignation 
hasas beenen enteredtered ini  Tablel  1.. InI  thet  solidli  statetate thet  
corere structurestructures off 8,, thet e magneticgnetic propertiesr erties off 
whichich arere quiteite similari ilar tot  thoset ose of  6,, and alsol o of  7,, 
whichich bearsars a similari ilar relationshipl tionship tot  2,, arer  virtuallyi t ally 
congruent.c ngruent. 3, ,”II ItIt isis unlikely,li ely, ini  eithereit er thet e solids li  orr 
solutionl tion states,tates, thatt t thet e magneticgnetic differencesi rences 
betweentwe n 6 andd othert er basketsket clustersl sters ariserise from largel e 
corere structuraltructural differences.iff rences. 
p L,ff= .72pB, 
(b)) Solutionl ti  properties.rties. In dichloromethanei l romethane solu-l -
tionsi ns att 190-302 K,, magneticagnetic momentsents of clusterssters& 02 
22 andand 33 showsho  a near-Curienear-Curie dependencedependence ofmagneticagnetica 	 of 
susceptibilitiessusceptibilities withith valuesvalues consistentconsistentwithith an SS = 11  
groundground state.state. Rangesanges ininmagneticagneticmomentso ents overthethev r 
temperaturete perature rangerange are givengiven inin Tableable 1.1. Thehe largerlargerr  
magneticagnetic momentso ents ofselenideselenide clustercluster 33 vs sulphidesulphide 
clustercluster 22 inin solutionsolution andand inin thethe solidsolid statestate (Table( able 1)1) 
f 	 s 
are consistentconsistent withith an earlierearlier observationobservation ofsmallers allerr   	 f 
antiferromagnetic couplingli g ini  Fe4Se4 thant  ini  Fe4S4tif rromagnetic &Se, &, 
clusters.clusters. 26 Thehe variable-temperaturevariable-temperature IH NMRR 
spectras ectra off clusterscl sters 2 anda  3 areare presentedresented ini  Figsi s 8 
anda  9,, respectively.respectively. Thee occurrencecc rrence off twot  equallye ally 
intensei tense methyleneethylene anda  methylethyl resonancesres nances forf r 2,, 
26 	 ‘  
fromfr  thet e inequivalenti e uivalent sitessites Fe(2,3),e( ,3), overer thet e 190-
3000 K  range,r ge, demonstratesonstrates retentionr t ntion off thet  solids li  
statest te structurestr cture ini  solution.s l tion. The spectras ctra off 3 arer  
similarsi il r butt thet  methylthyl resonancesr s nances arer  nott wellll 
resolved.resolved. Linei e broadeningr adening atat thet e lowerl er temperatureste peratures 
& 
isis ascribedcribed tot  thet  effectff ct off increasingi r asing clusterl ter para-
magnetismgnetism ratherr t er thant  any dynamicic process.r es . The 
isotropici tropic shiftsifts off 3 arer  considerablyi erably largerl r r thant  
thoset se off 2,, thet  differenceiff rence beingi g 32% att 3000 K.. The 
effectff ct isi  qualitativelylitatively consistentsistent withit  thet  magneticnetic 
susceptibilitiessceptibilities and suggestsgests thatt t thet  isotropici t pic shiftsi ts 
r -
haveve a significantsi ificant contacttact component.onent. Othert r evi-
dencence for a contactt ct contributiontri ution isi  thet  alternatinglt rnating 
i-
phenylnyl protonr t  shiftsifts off clusterl ter 6. 3 However,r, thet  
shiftsifts of  2 and 3 do nott scaleale linearlyli rly withit  thet  
.3 
susceptibilities,sceptib lities, ass wouldl  be the casese for pure con-
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Fig.i . 9.. Temperatureperature dependencependence of thee IH NMR  spectraectra of clusterl ster 3 in CD 2Cl 2 solution;l tion; chemicalemical 
shiftsifts arere indicated.icated. 
‘ C12 
shifts,hifts, a featureture not unexpectedexpected in moleculeslecules with 
significanti nificant ZFS andd magneticagnetic anisotropies.isotropies. 
(c)) Mossbauer spectra.ectra. Basket clusters contain 
three types of Fe sites (Fig. 1): Fe(l)(Jl3-ShCu4-S)L, 
Fe(2)(Jl3-Sh(Jl4-S)P and Fe(3)(Jl2"S)(Jl3-ShP. The 
first of these is roughly tetrahedral, while the other 
two have distorted trigonal pyramidal geometry. 
The zero-field Mossbauer spectra of clusters 2 and 
ii bauer 
;6 are displayed in Fig. 3; thee spectrumectrum of  2 closelyely 
35resemblessembles thoseose of -5 (nott shown),own), in containingtaining 
threeree resolvedsolved features.atures. All spectraectra werere analysedalysed 
1: 1withi  a 1: I Fe siteite population.ulation. The assignmentssignment 
discussed ;of thee Fe(2)(2) siteite hass beenen i cus ed; thatt of  thee 
Fe(3)(3) siteite in 6 is basedsed on correlationrrelation of the largestest 
s- ‘)quadrupoleadrupole splittinglitting (1.15.15 mm S I  with thosese in 
25 S-I).s l). This leavesves thee Fe(l)-5 (0.95-1.29.95-1.29 mm 
sitesites in 2-5 andd in 6 ass thosese with (j6 = 0.60-0.64. 0-0.64 
s- ‘,andnd 0.43.43 mm S I, respectively.spectively. The relativelylatively largee 
SK’)isomerer shiftift changeange (0.20.20 mm s- 1) upon replacinglacing 
chloridel ride (2)) with thiolatei l te (6),), whileile thee isomerer 
shiftshifts of thee otherer sitesites changeange by no morere thann 
s-l,0.05.05 mm -1, is anotherother indicationi tion thatt the 
Fe( 1)l) sitesites containtain halide.lide. Also,, the smallall variationri tion 
in isomerer shiftift with halidelide is consistentsistent with 
Fe&Xpreviousrevious behaviourhaviour of S3  sitesites in prismanei ane 
clusters.‘+-163-16 Whilei  we cannotnot insistist on theseese sitei el sters. I 
assignments,signments, theyy are internallyrnally consistentistent withini  
the clusterter sett 1--6 and we proceedeed on thatt basis.sis. 
Substitutionstitution of thiolatei l te forchloridei e in tetrahedraltrahedral 
l-6 
FeS3X unitsits of  prismaneane and cubane-typene-type clustersters 
hass beenen found to causese a decreasecrease of  caa 0.05-0.11.05-O. 1 
&  
mm s- 1ini  isomeri er shift.ift. 13.27,28 In  the basketket clustersters 
thisis resultssults in the muchch largerer changenge of  0.200 mm 
IllInS ' ’ *27*28 
s-1, ass just noted.d. The smalleral er changenge in isomerer 
shiftift in the cubane-typeane-type clustersters hass beenen previouslyiously 
consideredsidered in termsr s of  a decreasecrease in covalencylency of  
‘  
Fe-Lthe -L bond.. In  the casese of  the presentsent clusters,ters, 
6 sug-however,ever, the muchch largerr changenge in (j valuesl es g-
gestssts thatt therere is a detectabletectable changenge in core chargerge 
delocalizationl calization upon ligandd substitution.stitution. Earlier,, itt 
well-hadd beenen shownn thatt in clustersters containingtaining l -
definedfined Fe (mean)an) oxidationtion states,tes, s,, isomerer shiftsi ts 
Fe&of  tetrahedraltrahedral S4 siteses follow the empiricalpirical ineari r 
:2grelationshipl tionship of  eq.. (2)) 9 
6(j = 1.44-0.43s.4-0.43s. (2)( ) 
Its applicationplication to 6 yieldsl s an oxidationti n statete of  
2.35+ at the Fe(l)) sites,es, veryr  closee to the clusterter 
+ con-meanan oxidationtion statete of  2.33. 3 and,, therefore,refore, -
sistenttent with a highlyly delocalizedl calized cluster.ter. Basedd 
on structuralr ctural resultssults for [Fe4S4(SR)4] 1-,2-,3- 1,7,8,30S4(SR)4]‘-*2-,3-‘* 8,3o 
Fe-S wthe meanan -S terminalr inal bond lengthth of 2.25555 Ain 
88 isis somewhatso ewhat more consistentconsistent withith 2.50 + thanthanore 2.50  
2.33+, not 2.67+. No 6/s relation-2.33 , butbut not withith 2.67 . o suchsuch (j/s relation-
shipship hashas beenbeen establishedestablished forfor tetrahedraltetrahedral FeS3CI 
sites.sites. Wee surmisesur ise thatthat thethe chloride-boundchloride-bound sitessites 
Fe(l), on chargecharge neutralizationneutralization grounds,grounds, arebiasedbiased 
FeS, l 
Fe( 1), on 	 are 
towardto ard iron(III) character,character, inin whichhich case thethe largelargeiron(II1) case 
ofisomeriso er shiftsshifts resultresult fromfro  thethe removalre oval of electronelectron 
densitydensity fromfro  orbitalsorbitals withith 4s4s charactercharacter atherrather thanthan 
an increaseincrease inin thethe 3d-type3d-type orbitals.orbitals. Thehe isomeriso er shiftshift 
changechange ofof 0.050.05 mm S-l at thethe Fe(2,3)Fe(2,3) sitessites isis con- s-l at 	 con-
sistentsistent withith aa marginalarginal increaseincrease inin iron(II) charac-
ter,ter, inin apparentapparent responseresponse toto thethe effecteffect ofofchloridechloride atat 
mean Fe--Cl 7 
ir (I1) c r c-
Fe(l).Fe(l). Thehe ean e- I distancedistance inin 7 (2.193(2.193 A),), 
whenhen comparedco pared withith thethe valuevalue inin [Fe4S4CI4F-[F &C14]2-
[2.216(2)[2.216(2) A], 31 isis compatibleco patible withith a meanean oxidationoxidation],3’ 	  
state> 2.50+.. . InI  thist is argument,ar u ent, thet e sitesite withit  thet e 
mostst ferricferric characterc aracter hasas thet e largest,lar est, ratherrat er thant a  
thethe smallest,s allest, isomeriso er shift.shift. Whateverhatever thethe meritserits off 
t t   
thisthis interpretationinterpretation itit isis certainlycertainly thethe casecase that,that, on thethe 
basisbasis ofof structuraF·8-1 0 andand spectroscopicspectroscopic evidence,evidence,structura12,‘-” 
clustersl sters 1--6, ass allll othert r mixed-valencei ed-valence synthetics thetic 
anda d biologicali l gical Fe-Se-S clusterscl sters withit  aa nuclearityclearity off 
3 orr larger,l r er, are,re, electronically,l ctronically, largelyl r ely delocalizedl calized 
systems.systems. Notet  thatt t forf r clusterl ster 9,, whichi h formallyf r ally 
4, 
containsntains 5Fell + Fe\ll andd hass onlyl  phosphinesphine ter-” ”’ 	 t r-
minalligands, isomeri er shiftsifts arer  essentiallyssentially identical.i ntical.i al li nds, 
Magneticallynetically perturbedrturbed Mossbauer spectras ectra off 
clustersl sters 2-5-  arere presentedresented ini  Fig.i . 7.. Forr 2 andd 3,, 
whereere thet e effectffect isis thet e clearest,l arest, an increasei rease ini  thet e 
appliedpplied fieldfi ld fromfr  600 tot  800 kOe causedused featuresf tures ini  
thet e wingsi gs andnd ini  thet e centralntral portionsrtions of thet e spectraectra 
ii uer 
tot  moveove ini  oppositeposite directions,irections, signifyingi nifying anti-
ferromagneticf rromagnetic coupling,upling, whichich producesr duces a S =  1 
groundround state.tate. Solidli  linesli es arere theoreticalt eoretical fitsits usingsing 
thethe Hamiltonianiltonian (3)( ) andnd a fittingting programr gram whichich is 
ti-
a modifiedodified versionersion off thethe Lang-Dale- l  minimizer. 32 	 i i izer.32 
= GeJ.lBH·e~CLBH.S + 1:[A(i)·~ i  Ii· S - gnJ.lnH· Iii +  Ho(i)]Q i)]H = . I . g,~“H. 
(3)(3) 
HQ (eQVzzo =  ( ,,/12)[31,2-/12)[3I/-15/4+/'/CI/+I/)]15/4+~(1,~+1,~)] (4)(4) 
Fitsits wereere performederformed ini  thethe fastf st relaxationrelaxation regimeregime 
withith anan imposedi posed 11 : I : 11 sitesite ratio,ratio, assumedssumed randomr ndom 
crystallitecrystallite orientation,orientation, andnd otherwisetherwise ass describedescribed 
[Fe,S,(SR),]3- clusters.7,88 The parametersarameters forf r 
: 1 : 
forfor [Fe4 4 4P- clusters. 7•
eacheach sitesite areare thethe magneticagnetic hyperfineyperfine couplingcoupling con-
stantsstants AX',, A ,y A,, 
n-
andand " thethe EFG  asymmetryasymmetry parameterarameter 
17,q, andand thethe signsign of thethe principalprincipal componentco ponent off thethe 
EFGE  (Vzz)' Valueslues usedused inin thethe spectralspectral fitsfits areare listedli ted 
inin TableTable 2.2. Deviationseviations ofof thethe theoreticaltheoretical fitsfits fromfr  
experimentalexperimental pointspoints mayay arisearise fromfro  intermediatei termediate 
( ,). 
relaxationrelaxation phenomena,phenomena, asas observedobserved ini  relatedrelated clus-clus-
ters,6ters,6 andand fromfrom thethe presencepresence ofof crystallites.crystallites. Theor-or-
eticaletical fitsfits ofof thethe magneticagnetic spectraspectra requiredrequired pro-
gressivelygressively smallersmaller valuesvalues ofof hyperfinehyperfine couplingcoupling 
constantsconstants alongalong thethe halidehalide seriesseries asas thethe spectralspectral 
ro-
widthidthnarrows,narro s,parallelingparallelingthethemonotoniconotonicdecreasedecrease 
in thethe saturationsaturationmagnetizationagnetization for2-5.2-5. InasmuchInas uch 
asas thesethese clustersclusters allall appearappear toto havehave SS=  11groundground 
states,states, theythey wouldould bebe expectedexpected toto havehave aboutabout thethe 
Ai at a of Fe 
in 	 for 
samesa e ivaluesvalues at agivengiventypetype of Fesite.site.ThatThattheythey 
dodo not,not, reflectsreflects differencesdifferences in orbitalorbital statesstates ofthethein of 
individualindividual Fee sites.sites. Thehe spectrumspectrum of 6(not(notshown)sho n)f  
evidencedevidenced asmalls allperturbationperturbationinin an8080kOek eappliedapplied 	  
fieldfield (ca(ca 2.82.8 mm S-1 spectralspectralwidth)idth)andandresembledrese bled 
somewhats ewhat hatt atoff5.. Owingi tot thet euncertaintyu certaintyininthet e 
groundr  state,state, thet e spectrums ectrumwasas nott analysed.a al sed. 
InInthet ebasketas etclusterscl sters2-5,- ,phosphine-ligateds hine-ligatedsitessites 
Fe(2,3)e( ,3) shows  positivesiti e hyperfineerfi ecouplingc li constantsc stants 
and correspondinglyc rrespondingly negativee ative hyperfineerfi e fields.fiel s. Siteite 
 s- ’ 
Fe(l), thoughtt ht tot  be morer  ferric-like,f rri -like, hassoppositelysitely( 1), 
signedsi ed parametersr meters whileil  thet  sitessit s Fe(I-3), inin thet  all-
phosphinephine basketket clusterl ter 9 have positiveiti e Aii and 
negativeative Hii parameters.r eters. Theses  resultsr s lts arer consistentsistent 
(l-3), ll-
withit  thet  samee signi  ofthe isotropicis tr i  shiftsift  off2-5- andf t  
9,12 sos  longl  asas theset ese areare mainlyai l  contactc tact ini  origin,ri i , 
as appearsears tot  be thet  casee fromfr  othert r evidence.i ence. Theh  
spectractra ini  Figsi  8and 9 show positiveiti e (upfield)( fi ld)shifts,ifts, 
, I  
whenn referredr f rred tot  Et3P [(j 1.02. 2 (CH3), 1.36. 6 (CH 2),t  6 ,), (C , , 
CD 2Cl 2] as thet  diamagnetici agnetic reference.rence. 
Allll known basketsket clustersl ters are schematicallyematically 
depictedpicted ini  Fig.i . 1.. A  recentent additioniti n tot  thist i  sett isi  
, l ] 
Fe6Ss(PBu3)4(SPhh 33 (10), whosese core structuret cture isi  
nearlyarly identicali ntical tot  thoset se of  7 and 8.. Thisi  moleculel cule 
differsi rs from clustersters 2-9 in the handledle of  the 
s S(PBu3)4(SPh)333 (lo), 
basketsket is thiolate-i late- rathert er than sulphide-bridged; itt is 
isoelectronicelectronic with 9 and,d, therefore,refore, hass a probableble 
l ide-bridged 
S 1/2 groundnd state.tate. Caii et al. 33considersider thatt the 
atomsto s Fe(2,4)( ,4) arere morer  reduceduced in 10 than in 6 
becausecause of Fe-S-S distancesi tances in the handlendle whichi  are 
= l/ ~1.~~ 
0.07.07 A longerer thann in the latterter cluster.ster. As yet,t, 
no M6ssbauer or otherer spectroscopicectroscopic and magneticgneticij uer 
datata haveve beenen reportedorted thatt wouldl  permitr it a com-
parisonrison of electroniclectronic featurestures with thoseose of  clustersters 
2-9.- . 
-
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